A study was conducted to determine the safety and feasibility of using municipal solid waste compost (MSWC) as a bedding material for cattle feedlots. Two pens in an open-front pole barn were bedded with either corn stalks or MSWC in each of two feeding periods (blocks) with two pens (23 × 34 m) per block. Block 1 used 336 heifers (initial BW, 398 kg) during a 104-d period (summer), and Block 2 used 276 steers (initial BW, 412 kg) during a 92-d period (winter). Blood concentrations of regulated elements (Cd, Cu, Mo, Pb, Ni, and Zn), electrolytes, glucose, or liver and kidney enzymes were unaffected (P > .05) by use of either bedding material. Polychlorinated biphenyls in perirenal fat were not detectable (< .5 ppm) in cattle bedded with either material. At slaughter, kidney Cu and kidney and liver Pb concentrations were greater (P < .05) for cattle bedded with MSWC. Despite this, tissue concentrations of these elements were well within those con-
Introduction
Cattle feeders in cold climates and high precipitation areas rely on the use of bedding materials (corn stalks, straw, wood chips or shavings, and newspaper) to limit cattle discomfort and to sustain good animal performance (Birkelo and Lounsbery, 1992) . However, costs of these materials are increasing because of alternative uses, such as fertilizer, soil cover (crop residues), or recycling (wood or newsprint).
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sidered normal for healthy cattle. Regulated element concentrations of feed did not differ (P > .05) between diets within period, and neither did DMI or DM digestibility; therefore, cattle bedded with MSWC were likely inhaling additional amounts of these elements and excreting them through feces. More MSWC than corn stalks was required to supply a dry bed per animal daily (P < .05). Soiled bedding (manure as-is) output was similar (P > .05) for both bedding materials. On a DM basis, more manure (P < .05) was removed from the pen bedded with MSWC in Block 2. Total manure N and P removed was similar for both bedding materials. Nitrogen and P concentrations in manure were lower (P < .05) during Block 2, but total manure N removed was greater (P < .05) during Block 2. Total manure P removed from the pens was not affected by season. Under the conditions of this study, MSWC seemed to be a safe and effective bedding material for cattle feedlots.
An alternative to traditional bedding materials may be municipal solid waste compost (MSWC), which is a product derived from composting household and yard waste. The use of MSWC is regulated in some U.S. states under the Federal Code of Regulations (title 40, sections 503.10 to 503.18 as amended) for sewage sludge metal limits.
The use of bedding material in the feedlot increases nutrient inputs to the feedlot (Smith et al., 1987) , thereby increasing nutrient output. Thus, when using alternative bedding sources, nutrient content of resulting manure must be evaluated to determine the impact on the environment. There is little information on the safety or effectiveness of MSWC as cattle feedlot bedding. Our objectives for this study were 1) to evaluate the effects of bedding yearling cattle with MSWC on cattle health and concentrations of regulated elements and polychlorinated biphenyls (PCB) in animal tissues and 2) to evaluate the effects of bedding with MSWC on manure N and P and concentrations of regulated elements. Calculated from values reported in the literature (NRC, 1996) .
Means lacking a common superscript letter differ at P < .05.
Materials and Methods

Animals and Housing
Municipal solid waste compost obtained from Prairieland Solid Waste Management (Truman, MN) was used as a bedding material in a commercial feedlot (Gilland Feedlot, Inc., Morgan, MN) for two consecutive feeding periods. Compost produced at Prairieland Solid Waste Management results from sorting municipal solid waste to remove noncompostable materials and materials useful for recycling into power generation or road-building aggregate (27%). Compostable material is mixed and aerated for 30 d, cured, and refined to remove remaining inorganic material and to achieve a standard particle size. Approximate compost yield is 33% of initial weight (as-is).
Within each feeding period (block), a pen was bedded with either corn stalks (control) or MSWC. Block 1 consisted of feeding 168 crossbred heifers/pen (initial BW 398 kg) from July 10, 1996 , to October 22, 1996 , and Block 2 consisted of feeding 138 crossbred steers/ pen (initial BW 412 kg) from November 13, 1996 , to February 13, 1997 . Cattle were housed in a pole barn with an open loafing area. Pens measured 23 × 34 m, which included 350 m 2 under cover. Pens were stocked at a rate of 4.6 m 2 /animal during Block 1 and 5.6 m 2 /animal Block 2. Pens were bedded for cattle comfort, and pen cleanliness as determined by the feedlot operator. Bedding was added outside of the shelter to the middle third of the pen in amounts sufficient to make a 7-to 10-cm bed. Cattle were then allowed to spread the material.
Fresh feed was provided twice daily according to a commercial feed company equation that targeted DMI to 90% of ad libitum. Feed bunks were located under the sheltered portion of the pen and were 33.6 m in length. Diets contained 40% wet corn gluten feed, 47% high-moisture whole shell corn, 10% ground ear corn, and 3% protein supplement (DM basis). Supplement contained 40% CP, of which 30% was urea. Calculated energy and nutrient composition of diets and DMI are listed in Table 1 .
Data Collection and Analysis
Animal Data. Animal data were collected during each of three 28-d interim periods. A group of animals (six/ pen) were randomly selected at the beginning of each feeding period for the collection of blood, fecal, and urine samples and liver, perirenal adipose tissue, and kidney samples (postmortem). Individual weights and body temperatures were also measured at each interim period. A licensed veterinarian observed animals for general animal health (heart and respiratory rate and body temperature) at the beginning and end of the trial.
Fecal samples were taken by rectal palpation. Urine (50 mL) was collected via urinary catheters from heifers in Block 1 or through the use of furosemide lasix from steers in Block 2. Urine was immediately frozen in liquid nitrogen to minimize N loss through volatilization. Blood samples were drawn by venipuncture into vacuum tubes. Complete blood counts were conducted at the University of Minnesota Diagnostic Laboratory to evaluate blood immunology indicators (hemoglobin, mean cell hemoglobin, mean cell volume, red blood cells, and white blood cells) using a Cell-Dyne Model 3500 (Abbott Laboratories, Abbott Park, IL). Large animal serum profiles to evaluate blood enzymes linked to liver and kidney function (Ca, Cl, K, Na, Mg, P, albumin, bilirubin T, BUN, glucose, total protein, CO 2 , alkaline phosphatase, aspartate amino transferase, creatine kinase, γ-glutamyl transferase, sorbitol dehydrogenase, and creatinine) were conducted at the University of Minnesota Diagnostic Laboratory using a Beckman ModelCX7 chemistry analyzer (Beckman Instrument Co., Inc., Brea, CA). Additional whole blood samples were lyophilized in a Virtis freeze drier (Virtis Co., Gardiner, NY) and analyzed for regulated elements. Fecal samples were dried in a forced-air oven at 60°C for 48 h to determine DM. Fecal samples were analyzed for OM (AOAC, 1984) . Fecal, urine, and blood samples were analyzed for N with Kjeldahl procedures. Fecal and blood samples were analyzed for mineral concentration with inductively coupled plasma-atomic emission spectrometry at the Research Analytical Laboratory at the University of Minnesota (Munter and Grande, 1981; Munter et al., 1984) .
Acid insoluble ash (AIA) procedures were conducted on feed and feces to estimate DM digestibility, and in order to obtain total fecal output. Feed and fecal samples were ashed at 450°C for 8 h; subsequently, ash was boiled in 100 mL of 2 N HCl for 5 min. Samples were then filtered through Whatman #541 (ashless; Whatman International Ltd., Maidstone, Kent, U.K.) filter paper in a vacuum system. Sample and filter paper were again ashed for 8 h. Dry matter digestibility was determined with the following (Van Keulen and Young, 1977; Thonney et al., 1980) :
Kidney (posterior lobe), liver (anterior lobe), and perirenal adipose tissue samples were collected from sam-ple animals at slaughter. Kidney and liver subsamples (100 g) were lyophilized in a Virtis freeze drier to determine DM and ground through a 1-mm screen in a Wiley mill (Thomas Scientific, Swedesboro, NJ). Kidney and liver samples were analyzed for N using Kjeldahl procedures, and mineral concentrations were determined. Adipose tissue subsamples were lyophilized in a Virtis freeze drier to determine DM; fresh samples were analyzed for PCB using capillary gas chromatography at the Animal Health Diagnostic Laboratory at Michigan State University (Price et al., 1986) .
Pen Data. Feed deliveries were recorded daily, and weekly bunk samples were collected and composited for each of the three 28-d interim periods. Due to the nature of the feeding program, no refusals were observed or recorded. Bedding was sampled and weighed when added to the pen, and manure was sampled and weighed when pens were cleaned. We defined manure as animal feces and urine, feed waste, bedding material, and rain and foreign matter entering the feedlot from the environment. Regulated element concentration or those of N and P in drinking water were not measured during the study. Bedding and manure samples were composited for each interim period. Feed and bedding samples were dried in a forced-air oven at 60°C for 48 h to determine DM; cornstalks and feed were ground through a 1-mm screen in a Wiley mill, and MSWC was ground through a Stein mill (Stein Lite Corp., Atchison, KS). Manure samples were lyophilized in a Virtis freeze drier to determine DM and subsequently ground through a Stein mill. Feed, bedding, and manure samples were analyzed for OM by ashing in a muffle furnace (AOAC, 1984) , for N using Kjeldahl procedures, and for mineral concentrations through inductively coupled plasma atomic emission spectroscopy.
Absorbency Test. A laboratory absorbency test was
conducted to determine the ability of each bedding material to absorb moisture. Frozen samples of bedding material were thawed, weighed, and then covered with water for 24 h. Excess water was then drained from samples, and samples were weighed. Absorbency was calculated with the following: (wet weight − ambient weight)/ambient weight (Zehner, 1985) . In addition, absorbency was calculated based on bedding use and manure output using the expression (manure weight − bedding weight)/bedding weight.
Statistical Analysis. Animal and pen data collection was composited and summarized for each of three 28-d interim periods. Data were analyzed using the GLM procedures of SAS (1995) . Animal data were analyzed as repeated measures in a randomized block design (Steel and Torrie, 1980) . Pen data were analyzed as a randomized block design with repeated measures in time (Steel and Torrie, 1980) including effects of bedding material, feeding period, and their interaction, and interim period and its interaction with bedding material or feeding period. Effects of season, sex, and initial BW are confounded with block. Thus, block differences represent combined effects of season, sex, and initial BW. Main effects and interactions were considered to be significant if the F-statistic probability was less than .05, unless otherwise specified. Least squares means were separated with procedures in SAS (SAS, 1995) .
Blood element concentration data are not considered an effective diagnostic tool for regulated element accumulation in tissues (Underwood, 1996) . Thus, fecal element concentration data were evaluated as a diagnostic tool to study element accumulation in liver or kidney. Correlations (n = 24) between fecal or blood regulated element concentration at 84 d and liver or kidney element concentrations were derived to evaluate diagnosis of element accumulation with either of these samples.
Results and Discussion
Animal Health and Performance. Bedding cattle with MSWC did not affect blood concentrations of electrolytes, metabolites, liver and kidney enzymes, or blood count (Table 2) . Similarly, bedding cattle with MSWC did not affect blood concentrations of regulated elements. Concentrations of blood Cd, Cu, Mo, Ni, Pb, and Zn were well within ranges observed for healthy cattle (Puls, 1988;  Table 2 ). Similar results were observed when bedding beef cattle with or feeding dairy cattle newsprint. In previous work, steers bedded with shredded newsprint for 140 d had no detectable concentrations of Cd or Pb (Comerford, 1992) in venous blood. Similarly, lactating dairy cows fed shredded newsprint in a beet pulp-molasses supplement had concentrations of Cd, Cu, Ni, Pb, and Zn that were similar to those of cows fed beet pulp only (O'Connell and Meaney, 1997) . No reports of abnormalities were made in studies where newsprint was used as bedding (Comerford, 1992) or fed (O'Connell and Meaney, 1997) .
Fecal Cd, Mo, Ni, and Zn concentrations were similar (P > .05) for cattle on either bedding material at the start of each feeding period, but they increased (P < .05) for cattle bedded with MSWC with time on feed (Table 3) . Fecal concentrations of Cu and Pb of cattle in pens bedded with MSWC were higher (P < .06) by d 56 of the feeding period than those of cattle in pens bedded with cornstalks. Fecal Cd, Cu, Mo, Ni, Pb, and Zn concentrations of cattle in pens bedded with MSWC were higher (P < .05) by d 84 of the feeding period. Regulated element concentrations of feed were not different (P > .05) between diets within period (Table 3) ; therefore, cattle bedded with MSWC were likely inhaling additional amounts of these elements and excreting them through feces. Inhalation of MSWC was possible because the material was dusty. Ingestion of MSWC was unlikely because DM digestibilities (90.0 and 90.1% for cattle bedded with cornstalks and MSWC, respectively) and DMI or plots of DMI by bedding day did not differ (P > .05) between bedding treatments. Daily DMI were 10.12 and 9.71 kg/animal for pens bedded with cornstalks or MSWC in Block 1 and 12.14 and 12.03 kg/animal for pens bedded with cornstalks or MSWC in Block 2. Fecal Pb and Zn concentrations reported for normal healthy cattle were 11 to 241 and 160 to 220 mg/kg, respectively (Puls, 1988) . In the present study, although elevated relative to cattle bedded with cornstalks, fecal Pb and Zn concentrations from cattle bedded with MSWC were within ranges considered normal. Concentrations of regulated elements in kidney and liver samples from representative animals harvested at the end of each feeding period are listed in Table 4 .
Cattle bedded with MSWC had greater (P < .05) kidney Cu and liver and kidney Pb concentrations than those bedded with cornstalks. Despite these differences, concentrations of liver or kidney Pb were in the normal ranges observed in healthy cattle (Puls, 1988) . Indeed, Cu concentrations in kidneys of cattle bedded with either material were below normal concentrations (Puls, 1988) . Means within period between bedding material lacking common superscript letters differ at P < .05.
Means within period between bedding material lacking common superscript letters differ P < .06.
Fecal concentrations of elements did not reflect tissue element concentrations, except for those of kidney Pb. Correlations between fecal Pb concentration at 84 d and kidney Pb concentrations were significant (r = .76; P = .0001). All other correlations between fecal or blood and kidney or liver element concentrations were low and insignificant with the exception of blood and kidney Cu concentration (r = −.56; P = .004). Thus, when attempting to assess tissue accumulation of Pb in animals exposed to > 300 mg Pb/kg in their environment (bedding or feed), fecal Pb concentration may provide a simple, noninvasive diagnostic tool. Means lacking common superscript letters differ at P < .05.
Apparently, concentration of elements in parent material (stock that may be consumed or inhaled directly or indirectly by exposed animals), tissue sampled, and(or) duration of exposure each affect tissue accumulation of elements independently. Lambs fed corn silage containing 3.7 mg Cd/kg, 4.4 mg Cu/kg, and 93.1 mg Zn/kg fertilized with sewage sludge containing 158 mg Cd/kg, 715 mg Cu/kg, and 1,675 mg Zn/kg for 102 d resulted in no accumulation of Cu or Zn in liver beyond concentrations observed in lambs fed corn silage fertilized conventionally (Bray et al., 1981) . However, liver Cd and kidney Cd, Cu, and Zn accumulated in lambs fed corn silage fertilized with sewage sludge at higher concentrations than accumulated in livers and kidneys of lambs fed corn silage fertilized conventionally. All three elements accumulated in the kidney at concentrations higher than those considered normal (Puls, 1988) , but liver Cd did not. Bray et al. (1981) reported concentrations of Cd and Cu in parent material (sewage sludge) that were higher than, and those of Zn were similar to, those of MSWC in the current study. In the current study, Cd or Zn concentrations in kidneys of cattle bedded with MSWC did not differ from those of cattle bedded with cornstalks. As stated, Cu concentrations, although different between bedding treatment, were below normal.
In contrast, long-term exposure (> 30 mo) to pastures fertilized with anaerobically digested sludge containing 14 mg Cd/kg, 90 mg Cu/kg, 20 mg Ni/kg, 42 mg Pb/kg, and 188 mg Zn/kg increased liver Cd, Cu, and Zn and kidney Cd and Zn in cows (Fitzgerald et al., 1985) . With the exception of Cd in liver and kidney, liver and kidney Cu and Zn concentrations were well within normal ranges and both similar to those reported in the current study. Fitzgerald et al. (1985) noted that concentrations of Cd in liver and kidney were 3 and 1.7 times normal concentrations, respectively, in cows maintained on pastures fertilized with sewage sludge. Concentrations of Cu, Ni, Pb, and Zn in the parent material were all below those reported in the current study, and Cd concentrations in the parent material were similar to those reported in the current study.
Neither Cd, Cu, Pb, or Zn accumulated beyond normal concentrations in kidney or liver of cattle or lambs exposed short-term (< 105 d) to concentrations in parent material ranging from 10 to 158 mg Cd/kg, 353 to 715 mg Cu/kg, 343 mg/kg Pb, or 1,675 to 1,825 mg Zn/kg. Accumulation of Cd, Cu, and Zn in kidneys of sheep exposed to these elements in the ranges described above is greater than those considered normal. Thus, sheep seem to be more sensitive to these element concentrations. Effects of long-term exposure at these concentrations on liver and kidney remain to be determined. In contrast, Cd may accumulate in liver and kidneys of cattle exposed long-term (> 30 mo) to Cd concentrations in parent material of 14 mg/kg or greater.
In the present study, PCB were not detectable in adipose tissue samples from cattle bedded with either material. A long-term study evaluating effects of sewage sludge application to pastures indicated some accumulation of PCB in visceral fat to concentrations well within 1 mg/kg (Fitzgerald et al., 1985) . The action level for PCB concentrations in red meat (fat basis) is 3 mg/ kg (FDA, 1994) .
Our results suggest that cattle bedded on MSWC were healthy throughout the study. A statistical comparison of feedlot performance (close-out records) indicated that cattle bedded with MSWC had faster (P < .05) rates of gain (1.5 vs 1.4 kg/d) and numerically lower (P = .07) DM requirement per kilogram of gain (7.44 vs 7.95) than those bedded with cornstalks. The biological significance of these findings should not be interpreted beyond the fact that bedding with MSWC or fertilizing corn silage with sewage sludge does not seem to have detrimental effects on performance.
Bedding Rates and Manure Output. The decision to bed pens was left to the feedlot operator. The amount and frequency of bedding was affected by at least two perceptible factors, despite confounding season, sex, and initial BW with block. Bedding applications were dependent on precipitation during Block 1 and on temperature during Block 2 (Figure 1) . Pen clean-out rates and clean-out weights changed accordingly. Bedding material did not seem to affect cattle cleanliness, because subjective scores of animal cleanliness did not differ (P < .05; data not tabulated).
Bedding usage rates for either material are shown in Table 5 . Bedding use (as-is) differed by type of bedding and block (P < .05). Overall, four times more MSWC than cornstalks were used to bed the same number of cattle (P < .05). As expected, because of cold weather, condensation and precipitation in the absence of evaporation, and higher DMI, more bedding was needed during Block 2 than during Block 1 (Figure 1 ; Table 5 ), but the usage rate increased more for MSWC (three times) than for cornstalks (two times). Bedding usage rates expressed on a DM basis followed the same trends (Table 5) . However, manure (as-is) removed from the pens was similar for both bedding materials but, as expected, was twice as high during Block 2 (Table  5) . When analyzed on a dry matter basis, more (P < .05) manure was removed from the MSWC pen in Block 2.
Manure output was measured from samples and weights taken at each pen clean out. The possibility exists that this method may not have accounted fully for all potential feeding system outputs (urine, feces, and bedding). Therefore, we tested measured vs calculated manure output using a paired t-test (Steel and Torrie, 1980) . Manure DM output was calculated using measured bedding use rate, its DM concentration, and estimated fecal (DM digestibility measurements) and urine outputs (Morse et al., 1994) . This calculation did not take into account contributions from solids settled on the bed such as wasted feed, wind-blown dust, soil particles, or solids deposited by precipitation. Estimation of urine output was based on feces:urine ratios of 1.4:1 and 1.9:1 (wet basis), respectively, for Blocks 1 and 2 (Morse et al., 1994) . The latter workers reported feces:urine ratios from total collection from lactating dairy cows to range from 1.4:1 to 1.9:1 (wet basis) from summer to winter months due to the increase in water intake in periods of increased temperature. Fecal output was obtained using the inverse of DM digestibility (81%) and adjusted to a wet basis using measured fecal DM concentrations. Urine output was obtained using the ratios described above for each block. Urine solids were then derived using measured urine solids concentration of 6.1%.
Total manure DM output calculated with this method was 7.1 and 5.4% higher than measured manure DM output for pens bedded with MSWC in Blocks 1 and 2, respectively, and 4.8 and 11.1% lower than measured manure DM output for pens bedded with cornstalks in Blocks 1 and 2, respectively. Calculated and measured manure DM values did not differ (P > .05). Therefore, differences in calculated and measured outputs were within the limits of residual experimental error. Manure DM output measurements are consistent with input rates (feed, bedding, feces, and urine) to the feeding system.
Cornstalks were at least four times more absorbent than MSWC as measured using the absorbed weight:bedding weight ratio (Table 5 ). This ratio was not affected by block. Lab evaluation of bedding absorbency indicated that cornstalks were 1.5 times more absorbent than MSWC.
Nutrient Concentration and Output. Although manure N or P concentrations from cornstalk pens were higher (P < .05), total manure N and P removed were similar for both bedding materials and averaged .09 and .03, or .13 and .04 kgؒanimal −1 ؒd −1 for N and P in Blocks 1 and 2, respectively. Manure N or P concentration was lower during Block 2, but total removed manure N was greater (Table 5) in Block 2 for both bedding materials. Phosphorus output was not affected by season or bedding material. The observation that N and P concentrations were higher in manure from cornstalk pens also suggests that cornstalks were more absorbent, holding more urine and precipitation. Greater absorbing capacity of cornstalks may have limited the amount of N volatilization, therefore increasing the N concentration in the manure.
Reference values for N and P output by 454-kg beef steers are .15 and .05 kgؒsteer MWPS, 1985) . Values obtained in the current study for N and P output and those obtained by Overcash et al. (1983) are 14 and 30% lower, respectively, than MWPS (1985) values for N and P output. Tucker and Watts (1993) Means within a row lacking common superscript letters differ at P < .05.
higher dietary roughage concentration increases both N and P output (Bierman et al., 1996) . However, estimates of N and P output extrapolated from measured N and P intake and N and P requirements for maintenance and gain of feedlot steers seem to overestimate N and P output (Bierman et al., 1996; Erickson et al., 1998) . Thus, caution must be exercised when reporting or applying results to specific situations. Using a feedlot as an intermediate step to manage MSWC diluted concentrations of regulated elements between 19 and 68% (Table 6 ). The greatest reductions were observed for Hg and Pb. Concentration of Hg dropped from 4.33 to 1.87 mg/kg and that of Pb dropped Means within a row lacking common sperscript letters differ at P < .05. from 343 to 108 mg/kg. It is important to remember that manure element concentrations were reduced due to being dispersed in bedding soiled with feces, urine, and precipitation.
A theoretical comparison of MSWC disposal by direct field application or after use as feedlot bedding was made. Using a N application requirement of 112.5 kg/ ha and observed N concentrations of MSWC or MSWC manure indicated that 11,250 kg of MSWC or 5,045 kg of MSWC manure/ha, respectively, was needed to fill this requirement. Estimates of regulated element loads per hectare were obtained by multiplying these application rates by their regulated element concentration. Because of differences in N and regulated element concentrations between MSWC and MSWC manure, regulated element loads decreased between 63% (Cu) and 86% (Pb) when using MSWC manure.
Implications
Availability of municipal solid waste compost (MSWC) will likely increase as more cities adopt recycling and composting systems. Use as bedding material for cattle feedlots is one alternative. Our research indicates that MSWC bedding did affect cattle health or tissue accumulation of regulated elements beyond concentrations considered normal. However, additional information must be obtained for cattle bedded with MSWC for periods greater than 105 d and for breeding and(or) lactating cattle. Also, one must be aware that greater bedding rates are required when using MSWC, but this increased bedding rate does not seem to affect manure (as-is), N, or P output. AOAC. 1984 . Official Methods of Analysis (14th Ed.). Association of Official Analytical Chemists, Arlington, VA.
Literature Cited
